Abstract : In this study, the priority was assessed and the compensation relationships were analyzed with regard to the issue of port development with conflicts among decision-makers. First, the assessment factors were selected by the relevant literatures on port development, and fuzzy structure modeling was used to select assessment factors via structuralization analysis. Second, the local residents, port users, and local government were chosen as the main port-development-related entities, and the analytic hierarchy process was used to calculate the total assessment value. Third, the justice-based-on-majority-power-rule method was used as an assessment method that would minimize the amount of complaints according to the total assessment results and the alternative selection when a partnership was formed among the assessment entities. Moreover, the compensation issue according to the alternative selection was quantified, and the compensation relationships were analyzed. As a result, it was found that port development in Busan must be the top priority in terms of port development in South Korea, that awareness of environmental issues must be promoted among the port users, and that the local governments must promote environmental-incentive policies for Environment-friendly port development.
Introduction
Many countries and cities, such as Japan, Taiwan, and Hong Kong are expanding their port development efforts to develop a hub port. In South Korea, port development is expanding, centered on Busan, Incheon, Gwangyang, etc.. In particular, as the interest in climate change has risen internationally and as the standard of living has improved, * jwj98@kst.or.kr, 032-260-2266 the national interest in Environment-friendly Port development has been increasing of late.
In the assessment of port development in South Korea, researches focusing on the assessment of the competitiveness of the country's ports are under way, and most of these researches consider the perspective of the port users. The assessment of port development, however, should involve not only the port users but many other entities as well, such as the local residents and the local government. Moreover, entities sometimes form partnerships with other entities to push their stand, and may raise complaints about the selected port-development-related alternative. Thus, it is necessary to perform assessment considering the compensation relationships of the other port -development-related entities with regard to the selected alternative.
Therefore, in this study, the other entities involved in the development of the major ports in South Korea were considered in the analysis of the method of selecting the option that minimizes the complaints with regard to the selected alternative, and the compensation relationships of such entities according to the selected alternative were analyzed. For this, fuzzy structure modeling(FSM) was first used to perform structuralization analysis, to determine the assessment factors per assessment entity. FSM helps facilitate decision-making by expressing the subjective awareness of the decision-maker as a graph, and is widely adopted in the field of port development. The total assessment per assessment entity was evaluated using the analytic hierarchy process(AHP), and the justice-based-on majority-power-rule(JMPR) method was used to select the alternative that minimizes the complaints.
Theoretical background 2.1 Considerations for the port development priority assessment issues
Port development priority assessment may generate multiple opinions according to the assessment entities. For example, from the perspective of the local residents, port development may raise issues related to urban functions, so they are likely to have a negative stand on the matter. On the part of the port users, as port development can facilitate freight handling and can improve distribution costs and corporate competitiveness, they are likely to have a positive stand on it. The issue of port development can be viewed as a game where n entities participate in making a decision. On the other hand, when trying to adopt an alternative, if the assessment entities participate in the assessment as a group rather than as individuals, based on the majority decision rule, the direction preferred by the majority will be adopted. Thus, groups have an advantage in the assessment.
The aforementioned situation can be referred to one where partnerships are formed among the assessment entities, and this should be reflected on the assessment. Moreover, as choosing an alternative in an assessment issue may give rise to complaints on the part of some entities with regard to the selected alternative, it is necessary to find a way of minimizing such complaints. Thus, in this study, the JMPR method suggested by Nagao(1984) , which enables a decision to be made with minimum complaints, and which considers the partnership relationships and the majority power rule based on which the alternative preferred by the majority is selected, was used to assess the port development priorities. But the alternative is still bound to be complaints by entities.
Therefore, in this study, the compensation relationships with regard to the complaints of the entity or entities that endorsed a rejected alternative were considered. For this, the ideal and actual division points were compared to come up with an accurate compensation value and to suggest an appropriate compensation method.
In this study, FSM was used to structuralize the assessment elements and decided assessment factors and AHP was used to calculate the weighted average value.
FSM and AHP method
Let the target system be          , and define the matrix displaying the subordinate relationship between the extracted elements as fuzzy subordinate matrix      (Eiichiro and Michio, 1979; Yang, 2003) . Here, matrix A is an n×n matrix, and element   is expressed as a binomial relationship for formula (1) .
Here,   is the level of subordination of element   to   ,   is the membership function with regard to the fuzzy binomial relationship between the elements of set S, and   and   are defined as in formulae (2) and (3), respectively.
In addition, the relationship between   and   is as in formula (3).
The algorithm for structural analysis via AHP is widely used in various fields, such as for optimal location, marketing planning, and policy-making (Kim et al., 2009) . In this study, the logical consistency was confirmed via the paired comparison of two elements, and the weighted value was calculated. The calculation method for the weighted value of AHP is widely known, and there are software implementations of such. Thus, this study was omitted.
2.3 Selection of an alternative, and arriving at an agreement based on compensation Rawls(1957) suggested the principle of justice on the subject of distribution, and Schmeidler(1969) suggested a method of calculating the profit distribution in the game using the concept of nucleolus. Suzuki and Mikio(1976) , based on the concepts suggested by Rawls(1957) and Schmeidler(1969) , suggested a method of minimizing the complaints of the partnership with the greatest complaints within the partnership distribution method by nucleolus, based on the principle of justice (Suzuki and Mikio, 1976; Suzuki and Muto, 1981) . Nagao(1984) suggested JMPR, which combined a multifactor power game with MPR, and described the method of forming an agreement based on compensation. In this study, the JMPR method was used to assess the priorities and to analyze the compensation relationships in relation to port development.
On the issue of port development priority assessment, if there are no limitations on forming partnerships, the possible number of partnerships is    . In case alternative   ∊  is executed for arbitrary partnership  ∊  , the profit of s is      , and partnership s can calculate the amount of complaints with    as the minimum guarantee level using formula (4) .
The alternative that considers such complaints against all the partnerships and that minimizes the complaints the most is chosen as in formula (5).
Even if the alternative chosen using formula (5) is  , each assessment entity      will still have complaints. Thus, the concept of nucleolus is used again to find the ideal distribution for each assessment entity, based on which the complaints can be resolved.
When the alternative is chosen based on formula (5), the total profit acquired by the participants in assessment      becomes   ⊂      . At this time, the profit is for the entire society, acquired by the execution of , and is expressed as     . Thus, the final profit          to be distributed to the assessment participants  ∊  must fulfill formulae (6) and (7) (Nabatame, 2005) .
Formula (6) is the Pareto optimality condition, which expresses the rationality of the whole, and formula (7) shows the individual rationality conditions. Thus, the solution of the nucleolus can be calculated using formula (8) .
Formula (8) serves to maximize the distribution to the participants that does not achieve the minimum satisfaction. On the other hand, if the solution of formula (8) Coastal scenery S16 Passage obstruction S7 Urban scenery S17 Import/export cargo volume S8 Urban nightscape S18 Transshipment cargo volume S9
Road scenery S19 Size of the local market S10
Air pollution S20 No. of industries at the port Table 2 . Assessment items of local residents
compensation for fairness,      will receive compensation, and      will provide compensation, and the positives and negatives will obviously cancel out because the incorporation of formulae (8) and (9) will result in formula (10) .
3. Assessment structure of the port development priority
Selection of assessment factors
For port development priority assessment, the assessment items were structured in this study via FSM.
1) Structural analysis of port users
For the extraction of assessment items as in Table 1 for the port users, the existing papers on port competitiveness assessment(Baek and Moon; Yang and Lee, 1999) were used. Fig. 1 shows the resulting structure for port users when FSM was used. As the P-value decreases, the layers become too many. Further, as the  value increases, the connection becomes more complicated. In this study, the - =-0.3 value was used, which is known to be clear about the connection of the assessment items (Yang, 2003) . The P value is on the third hierarchy level.
From the perspective of the port users, as the connecting point of sea and land transportation, a port provides terminal functionality for smooth freight transportation by offering an elementary transportation center facility for cargo handling, transfer, inspection, storage, and management. 
2) Structural analysis of local residents
For the assessment items for the local residents, the elements listed in Table 2 were extracted with reference to assessment papers (Nakamura, 1997; Nagao, 1984) considering the environment. Fig. 2 shows the resulting structure for the local residents when FSM was used. For the local residents, a port plays the role of forming a port city by strengthening the urban base and accelerating the population concentration in the process of mutual development in proximity to the cities. With the increase in port transportation, however, the port area will expand and will eventually invade the 
3) Structural analysis of the local government
Referring to assessment papers(Nakamura, 1997; Nagao, 1984; Baek and Moon, 2005) on local governments, the representative elements listed in Table 3 were extracted. Fig. 3 shows the resulting structure for the local government when FSM was used. The local government, which tries to develop the port, can expect the economic and welfare benefits of increased productivity and expanded market by facilitating goods circulation through the terminal functions, revitalizing the local economy by encouraging consumption, and resolving the complaints of the local residents with regard to port development(e.g., traffic chaos) by improving the environment around the port. 
Survey Characteristics Analysis
To maintain objectivity, the survey targets that were selected were general citizens for the local residents, shipowners and shippers for the port users, and hands-on staff with port distribution tasks for the local government. A total of 121 people were randomly selected for the survey and the parallel interviews, but only 90 accomplished survey questionnaires were acquired(30 per assessment entity), which was the value that was used in the final assessment, for the analysis of the same number of survey respondents per assessment entity, and for the inspection of consistency via AHP. The details are shown in Table 4 . For the local residents, traffic safety is the most important consideration with regard to port development as port development will increase the number of trucks, which is expected to raise the risk of traffic chaos and accidents. Moreover, the local residents consider the elements related to the creation of a pleasant environment(e.g., environmental pollution, scenery) important, and do not consider economicgrowth elements such as port transportation important. Table 6 shows the survey results pertaining to the importance of port development from the perspective of the port users(shipowners, shippers). Table 6 . Weight of port development by port user From the perspective of the port users, port development is most important in terms of port transportation and hinterland. This appears to be supported by the fact that the existence of a place of origin and the demand for goods are important for port development. Other important elements include port services and facilities, which are believed to be considered important by the port users due to the speed and safety of freight handling at the ports. Table 7 shows the survey results pertaining to the importance of port development from the perspective of the local government. Table 7 . Weight of port development by local government For the local governments, it was found that transportation quantity and environmental factors are considered most important, which implies that the local government considers important not only the growth of the local economy due to the demand for and generation of freight but also the living environment of the local residents. The item of regional influence was found to be considered relatively low in importance by local governments, which appears to reflect the results of the consideration of the areas where port awareness is negative(e.g., Busan/Incheon) and of the areas where port development is yet inadequate(e.g., Mokpo/Pyeongtaek).
Thus, the importance and assessment values of the assessment factors were considered for a total assessment, and the results are shown in Table 8 . Table 8 . Total weight of port development
The local residents believe that Mokpo, where port development is yet inadequate, should be given top priority in terms of port development, and that Busan should be given the least priority. In contrast, however, from the perspective of the port users, Busan should be given the top priority, and Mokpo the least. For the local governments, Busan should be given the top priority, along with Incheon.
Thus, the order of port development priority according to the majority was found to be Busan, Gwangyang, Mokpo, Pohang, Incheon, Pyeongtaek, and Masan. Mokpo is especially higher compared to the others because its assessment result value from the local residents was considerably higher than those of the two other entities. The sample size in the survey that was conducted in this study was inadequate, however, and the samples were restricted to certain areas. Therefore, generalizations cannot be drawn from the results of this study.
On the other hand, in this research, the assessment value from the decision-makers after forming partnerships with one another was considered, along with the compensation.
Analysis of Port Development Priority considering the Partnerships Formed among the Decision-Makers
As the set of port development priority assessment entities is      , the possible partnerships are Assessment of Port Development Priority with Conflicts among Decision Makers -From the Perspective of Environment-friendly Port Development--59 -          , including , with no partnerships. By applying the previously defined majority rule to these partnerships, the partnership values are expressed as in the following Table 9 . Table 9 . Cooperation and value of dissatisfaction s v(s) First, as can be seen in Table 8 , port development in Busan was chosen as the top priority by majority rule, and the local residents(R) are expected to raise complaints about such choice. The expected numbers of complaints │   are shown in Table 9 . Here, v(s) refers to the total assessment value on which the claim is based. The local residents, however, are expected to demand that port development in Mokpo be made the top priority, so the numbers of complaints from the port users and local government regarding port development in Mokpo can be shown as U and G, respectively. On the other hand, if the local residents form the RU and RG partnerships to push for making port development in Mokpo the top priority, the expected numbers of complaints from other ports regarding the choice of Mokpo as the priority site for port development through the RU and RG partnerships are shown in Table 9 . In this way, the claims of all the decision-making entities, and the corresponding numbers of complaints, can be calculated.
Therefore, considering the partnerships and numbers of complaints in the total assessment of the port development priorities, port development in Busan generated the lowest number of complaints (0).
Selection of compensation agents according to the selected alternative
Even though port development in Busan generated the lowest number of complaints from each entity, there were still complaints with regard to it. Thus, formula (8) was used to find the ideal distribution to consider the compensation level, and the results are listed in Table 10 . As can be seen in Table 8 , the distribution point moves from the ideal distribution point   to      according to the selection of Busan, so R becomes    , U becomes    and G becomes    . Thus, the compensation for R and G should be as much as the profit acquired by U.
In the actual issue, the provision of compensation for R may be the strategy for improving the living environment, and for G, it can be environment-friendly port development policies. As for U, the living environment can be improved by increasing the port users' awareness of environmental issues. In South Korea, especially in Busan, there are many policies that are currently being enforced with respect to port construction for low-carbon port operation. To increase the people's awareness of environmental issues, it is necessary to consider the cost burden of the port users. As this may of course harm the price competitiveness of the port, the decision must be made after a thorough deliberation. LA/LB is promoting policies that provide incentives even while imposing some environmental costs on the port users. Such policies can be referenced.
Conclusion
The decision-making with regard to port development should be accompanied by assessment participated in by the port users, local government, and local residents. In this study, fuzzy structure modeling was used to structuralize the port development assessment elements, and the analytic hierarchy process was used for the total assessment. Moreover, the decision-making with regard to port development priorities was viewed as a game with multiple players, and the assessment results after the formation of partnerships as well as the complaint relationships of the other entities according to the selection of alternatives were considered to determine the port development priorities with minimal complaints. On the other hand, the compensation relationships according to the selected alternatives were considered. As a result, it was found that port development in Busan should take precedence. Moreover, port development in Busan will generate profit for the port users and will bring about loss for the local residents and local government, so efforts must be made to increase the port users' environmental awareness, and the local government should promote environmental policies such as providing environmental incentives while imposing some of the costs on the port users for the efficient promotion of environmental issues.
This study is meaningful in that it selected an alternative for port development that considered the local residents, local government, and port users, and that minimizes the complaints, and the compensation relationship of the entities according to the alternative selection was quantitatively analyzed. The sample size for the survey that was conducted in this study was inadequate, however, and the samples were restricted to certain areas. Therefore, it is far too risky to make generalizations from the results of this study. The future research should consider all the factors for structuring port development efforts because the selection of the alternative supported by the port users will entail the consideration of many other factors, such as the port development cost.
